Abstract. Xanthohumol is a flavonoid compound that exhibits antioxidant and anticancer effects, and is used to treat atherosclerosis. The aim of the present study was to investigate the effect of xanthohumol on the cell proliferation of laryngeal squamous cell carcinoma and to understand the mechanism of its action. The effects of xanthohumol on the cell viability and apoptosis rate of laryngeal squamous cell carcinoma SCC4 cells were assessed by Annexin V-fluorescein isothiocyanate/propidium iodide staining. In addition, the expression levels of pro-apoptotic proteins, caspase-3, caspase-8, caspase-9, poly ADP ribose polymerase (PARP) p53 and apoptosis-inducing factor (AIF), as well as anti-apoptotic markers, B-cell lymphoma 2 (Bcl-2) and myeloid cell leukemia 1 (Mcl-1), were analyzed by western blotting. The results revealed that treatment with 40 µM xanthohumol significantly inhibited the proliferation of SCC4 cells. Furthermore, xanthohumol treatment (40 µM) induced SCC4 cell apoptosis, as indicated by the significant increase in activity and expression of caspase-3, caspase-8, caspase-9, PARP, p53 and AIF. By contrast, the protein expression of Bcl-2 and Mcl-1 was significantly decreased following treatment with 40 µM xanthohumol. Taken together, the results of the present study indicated that xanthohumol mediates growth suppression and apoptosis induction, which was mediated via the suppression of Bcl-2 and Mcl-1 and activation of PARP, p53 and AIF signaling pathways. Therefore, future studies that investigate xanthohumol as a potential therapeutic agent for laryngeal squamous cell carcinoma are required.
Introduction
Laryngeal cancer is the most common malignancy of the throat in China. At present, the incidence rate of laryngeal cancer is increasing significantly, accounting for 5.7-7.6% of all malignant tumors in the northeast areas of China (1) . A number of hypotheses regarding the pathogenesis of laryngeal carcinoma exist: Smoking, alcohol consumption, air pollution and viral infection are considered the main risk factors (2) . Due to the anatomical site of the larynx, patients often mistake hoarseness and other clinical symptoms of the disease as an upper respiratory tract infection or symptom of voice overuse, which results in negligence of the illness (3) . Supraglottic cancer and subglottic cancer exhibit no specific symptoms at the primary stages and thus, early diagnosis is difficult, which results in the majority of cases being diagnosed at late and terminal stages (4) . Due to recent advances in minimally invasive surgery, radiotherapy, chemotherapy, concurrent radiochemotherapy, biological therapy and other comprehensive treatment modalities, patient survival times have increased and patient quality of life has improved (5) . However, the high rates of relapse and metastasis of laryngeal cancer in addition to chemotherapy resistance lead to poor treatment outcomes (6, 7) . Thus, to investigate and develop novel targeted treatments for cancer, laryngeal cancer must be investigated from a novel perspective.
Effective cancer treatments aim to eradicate the majority of differentiated tumor cells, as well as tumor stem cells, which have potential to proliferate and differentiate (8) . However, traditional therapies, including radiotherapy, chemotherapy and immunotherapy, kill differentiated tumor cells but not tumor stem cells, which results in the development of tumor cell resistance to treatment and subsequent relapse (9) . Ideally, treatments should kill differentiated tumor cells without causing damage to other cell types, which requires the identification of specific cell markers, genes and signal transduction pathways associated with cancer that may be used as therapeutic targets to improve the efficacy of tumor treatment (10) .
Xanthohumol is a flavonoid compound obtained from hops resin (11) . It exhibits numerous biological properties, including anti-inflammation and anti-infection effects and has been demonstrated to inhibit the growth and proliferation of microorganisms (12) . Recent studies investigating xanthohumol have predominantly focused on the prevention and treatment of cancer (13, 14) . Studies have demonstrated that xanthohumol inhibits tumor cell growth of colon cancer, prostate cancer, cervical cancer, liver cancer and leukemia cells (15) (16) (17) . Therefore, the aim of the present study was to investigate the effect of xanthohumol on the proliferation of human laryngeal squamous cell carcinoma. The results of the present study may indicate whether xanthohumol presents a potential drug for the treatment of human laryngeal squamous cell carcinoma and may also provide information regarding potential molecular mechanisms of the disease.
Materials and methods
Cell and reagents. The human laryngeal squamous cell carcinoma SCC4 cell line was obtained from Shanghai Jiao Tong University Affiliated Sixth People's Hospital (Shanghai, China). Dulbecco's modified Eagle's medium (DMEM), penicillin and streptomycin were purchased from Gibco (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Fetal bovine serum (FBS) was obtained from Gibco (Thermo Fisher Scientific, Inc.). Xanthohumol ( Fig. 1 ) and 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) were purchased from Sigma-Aldrich (Merck Millipore, Darmstadt, Germany). Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) staining kit was obtained from BestBio (Shanghai, China).
Cell culture. The SCC4 cell line was cultured in DMEM supplemented with 10% FBS, 100 U/ml penicillin and 100 U/ml streptomycin in a humidified atmosphere with 5% CO 2 at 37˚C. The complete medium was changed every 2-3 days.
Proliferation assay. SCC4 cells (1x10 5 /well) in the logarithmic growth phase were seeded in 96-well microplates. The medium was replaced with DMEM containing 0, 10, 20, 30, 40 or 50 µM xanthohumol and the cells were cultured for 72 h, after which 200 µl MTT (0.5 mg/ml; Sigma-Aldrich) was added to each well. Following incubation at 4˚C, 150 µl DMSO was added and the absorbance was measured using a spectrophotometer (Infinite ® 200 PRO; Tecan, San Jose, CA, USA) at a wavelength of 540 nm.
Annexin V-FITC/PI staining. SCC4 cells (2.4x10
6 /well) in the logarithmic growth phase were seeded in 6-well microplates. The medium was replaced with DMEM containing 20, 30 or 40 µM xanthohumol and cells were cultured for 48 h at 4˚C. SCC4 cells (1x10 6 ) were harvested, washed with PBS and resuspended in binding buffer (BestBio). Next, 5 µl Annexin V-FITC and 5 µl PI were added to each well and cultured for 20 min at 4˚C. Apoptotic rate was determined using a flow cytometer (FACSCalibur™; BD Biosciences, San Jose, CA, USA).
Measurement of caspase-3, -8 and -9 activity. SCC4 cells (2.4x10
6 /well) in the logarithmic growth phase were seeded in 6-well microplates. The medium was replaced with DMEM containing 20, 30 or 40 µM xanthohumol and cells were cultured for 48 h at 4˚C. SCC4 cells (1x10 6 ) were harvested, washed with PBS and resuspended in binding buffer. A total of 1 µl fluorescent substrate [Ac-DEVD-pNA for caspase-3, Ac-IETD-pNA for caspase-8 and Ac-LEHD-pNA for caspase-9 (BestBio, Shanghai, China)] was added to each well and incubated for 1 h at 4˚C. Cells were then centrifuged at 500 x g for 10 min at room temperature and the supernatant was removed. The cells were resuspended in 100 µl wash buffer (BestBio), and the fluorescence intensity was measured at 485 nm (excitation wavelength) and 535 nm (emission wavelength) using a spectrophotometer.
Western blot analysis. SCC4 cells (2.4x10
6 /well) in the logarithmic growth phase were seeded in 6-well microplates. The medium was replaced with DMEM containing 20, 30 or 40 µM xanthohumol and cells were cultured for 48 h at 4˚C. SCC4 cells (1x10 6 ) were harvested, washed with PBS, and lysed with cold RIPA buffer (BestBio) containing protease inhibitors. Protein concentrations were quantified using the bicinchonic acid assay method (BestBio). A total of 10 µg protein was boiled in water prior to separation by 12% SDS-PAGE for 10 min then transferred onto polyvinylidene difluoride membranes at 100 V for 1.5 h. Membranes were blocked with 5% skimmed milk in Tris-buffered saline with 0.1% Tween 20 for 2 h followed by incubation with anti-B-cell lymphoma 2 (Bcl-2; cat. no. sc-7382; 1:1,000), anti-myeloid cell leukemia 1 (Mcl-1; cat. no. sc-377487; 1:1,000), anti-poly ADP ribose polymerase (PARP; cat. no. sc-56197; 1:2,000), anti-p53 (sc-393031; 1:1,000), anti-apoptosis-inducing factor (AIF; cat. no. sc-390619; 1:1,000) and anti-β-actin (cat. no. sc-47778; 1:1,000) antibodies (Santa Cruz Biotechnology Inc., Dallas, TX, USA) overnight 4˚C. The membranes were then incubated with mouse secondary antibodies (cat. no. sc-358914; 1:15,000; Santa Cruz Biotechnology, Inc.) for 2 h at 4˚C. The proteins were visualized using BeyoECL Star (cat. no. P0018A; Beyotime Institute of Biotechnology, Jiangsu, China) and quantified using the Molecular Imager ChemiDoc XRS+ System with Image Lab™ software (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Statistical analysis. All data are presented as the mean ± standard error of the mean. Data was analyzed by one-way analysis of variance followed by Dunnett's t-test using SPSS version 22 statistical software (SPPS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Xanthohumol inhibits proliferation of laryngeal squamous cell carcinoma cells. MTT assay was performed to determine the effect of xanthohumol on the proliferation of SCC4 cells following treatment with 30, 40 and 50 µM xanthohumol for 24, 48 and 72 h. The results revealed that xanthohumol inhibited the proliferation of SCC4 cells in a concentration-and time-dependent manner when compared with that of control group (Fig. 2) . Following 24, 48 and 72 h treatment with 30, 40 and 50 µM xanthohumol significantly inhibited the proliferation of SCC4 cells (Fig. 2) . In addition, following treatment with 20 µM xanthohumol for 72 h proliferation of SCC4 cells was significantly inhibited compared with the control group (Fig. 2) .
Xanthohumol induces cell apoptosis of laryngeal squamous cell carcinoma cells. To evaluate the effect of xanthohumol on SCC4 cell apoptosis, flow cytometry analysis was performed. The results demonstrated that treatment with 30 and 40 µM xanthohumol for 48 h significantly induced apoptosis of SCC4 cells compared with the control group (Fig. 3) .
Xanthohumol increases caspase-3, -8 and -9 activity in laryngeal squamous cell carcinoma. To further investigate the effect of xanthohumol on caspase activity in laryngeal squamous cell carcinoma, the florescence intensities of caspase-3, -8 and -9 were measured in SCC4 cells following 48 h treatment with 20, 30 and 40 µM xanthohumol. The results revealed that caspase-3, -8 and -9 activity was significantly increased following treatment with 30 and 40 µM xanthohumol when compared with the control group (Fig. 4) . 
Xanthohumol decreases Bcl-2 and

Xanthohumol increases AIF protein expression in laryngeal squamous cell carcinoma cells.
To determine whether the AIF pathway mediates the anticancer effects of xanthohumol, AIF protein expression in SCC4 cells was measured using western blot analysis. Following treatment with 40 µM xanthohumol for 48 h, the expression of AIF protein was significantly increased compared with the control group (Fig. 9) .
Discussion
Laryngeal squamous cell carcinoma is a common malignant tumor derived from the laryngeal epithelium, which is the third most common cause of head and neck cancer morbidity, accounting for 1-5% of all malignant tumors (2). Notably, the incidence rate of laryngeal cancer is increasing significantly among young individuals and thus, better treatments are urgently required (18) . Although the treatment of laryngeal cancer has markedly improved in recent years due to advances in surgical techniques and combined chemotherapy and radiotherapy regimens, certain cases of squamous cell carcinoma of the larynx do not respond to treatment (19) . Furthermore, due to the rapid development of molecular biology technology, gene therapy is gaining increasing attention and is considered to present a promising option for cancer patients (20) . Therefore, the identification of specific genes that are involved in the development of laryngeal squamous cell carcinoma may lead to further studies and the clinical application of gene therapy for laryngeal cancer. Previous studies have demonstrated that xanthohumol induces apoptosis in hepatocellular carcinoma (21) , human cervical cancer cells (17) and breast cancer (22) . To the best of our knowledge, the present study is the first to demonstrate that xanthohumol inhibits cell proliferation and induces cell apoptosis of laryngeal squamous cell carcinoma SCC4 cells.
Cancer is a disease caused by abnormal cell proliferation, differentiation and apoptosis. It has been reported that caspases are activated during tumor cell apoptosis (23) . A series of novel caspase-related apoptosis-inducing pathways have been identified that may be targeted to control cancer, which have practical significance for the majority of tumors and thus, may result in breakthroughs with regard to the treatment of malignant tumors (24) . The activation of caspase-9 and caspase-3 may underlie the apoptosis of fibroblasts in keloids (25) . Furthermore, caspase-8 activates caspase-9 downstream of the apoptosis cascade to induce apoptosis (26) . In the current study, xanthohumol promoted the activity of caspase-3, -8 and -9 and suppressed Bcl-2 and Mcl-1 protein expression in laryngeal squamous cell carcinoma SCC4 cells. These results are in accordance with those reported by Pan et al (27) , which demonstrated that xanthohumol induces apoptosis of human colon cancer cells via caspase-3, -8 and -9. Furthermore, Zajc et al (15) reported that xanthohumol induces different cytotoxic and apoptotic pathways via Bax/Bcl-2 in malignant and normal astrocytes. Kunnimalaiyaan et al (28) demonstrated that xanthohumol inhibits induces apoptosis via the anti-apoptotic markers, survivin, cyclin D1 and Mcl-1, in hepatocellular carcinoma. PARP-1 is a member of the PARP family, which initiates DNA damage repair via the modification of poly adenosine diphosphate glycosylation receptor protein. PARP-1 has been shown to trigger apoptosis signaling and activate caspase-3 to induce cell apoptosis and DNA damage (24, 29) . Thus, we hypothesize that treatment with xanthohumol promoted PARP protein expression in laryngeal squamous cell carcinoma SCC4 cells. Lust et al (11) demonstrated that xanthohumol activates the proapoptotic pathway via PARP activation in chronic lymphocytic leukemia.
The p53 gene is recognized as the most commonly mutated tumor suppressor gene (30) . Recent studies have indicated that p53 gene mutations exhibit an important function in the development of laryngeal squamous cell carcinoma (31, 32) . The mutation rate of p53 is >90% in certain tumors (lung, liver, colon and gastric cancer) and ranges between 34 and 93% in head and neck tumor tissues and cell lines, which is associated with early relapse of cancer (33) . Xanthohumol activates PARP protein expression in laryngeal squamous cell carcinoma cells. In the present study, p53 expression increased significantly following treatment with xanthohumol. Monteghirfo et al (12) reported that xanthohumol inhibits leukemia cell invasion via p53 modulation in Bcr/Abl-transformed cells.
AIF protein, which is located in the mitochondrial intermembrane space, exhibits apoptosis-inducing activity (34) . In response to apoptotic stimuli, AIF molecules are released from the mitochondria into the cytoplasm followed by translocation to the nucleus and subsequent integration with chromosomal DNA, which leads to chromosome condensation and DNA breakage into large fragments (~50 kB) (35) . AIF exhibits apoptosis-inducing activity and oxidoreductase activity, which result in interlinkage (36) . Notably, AIF was the first molecule to be identified that mediates cell apoptosis directly, however, it has also been reported that caspases are involved in AIF apoptotic activity (37) . The results of the present study also indicated that xanthohumol increased AIF protein expression in laryngeal squamous cell carcinoma cells. Yong and Abd Malek (17) reported that xanthohumol induces growth inhibition and apoptosis via AIF protein expression in Ca Ski human cervical cancer cells.
In conclusion, we postulate that xanthohumol mediates growth suppression and induces caspase-dependent cell death via the suppression of Bcl-2 and Mcl-1 and activation of PARP, p53 and AIF signaling pathways. Therefore, future studies that investigate xanthohumol as a potential therapeutic agent for laryngeal squamous cell carcinoma are required.
